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1   Introduction
In RAN1#61bis, the following agreement on CQI reporting for carrier aggregation was reached as a baseline for periodic CQI reporting 

· For periodic CQI/PMI/RI reporting for CA, at least configuration of different (in time) PUCCH resources for reports for each CC is supported.

In subsequent meetings, details on specifying the agreed baseline approach [1] and reasons for considering other approaches were considered. In this contribution, we extend the discussion in [1] and summarise our preferences on periodic CSI reporting for the cases with A/N & CSI collision and also for cases where simultaneous PUSCH and PUCCH is configured. We also discuss priority handling between CSI reports of multiple CCs.
2   Discussion
2.1 Collision handling for periodic CSI

For Rel-10, a periodic CQI/PMI/RI report (CSI report) on PUCCH for a particular CC can collide either with A/N transmission or with another periodic CQI/PMI/RI report for a different CC. Multiple options have been considered for collision handling in RAN1 #62bis and RAN1#63. Among them, two options with comparatively less specification impact are shown in Table 1 and Table 2. The Tables consider cases where the UE is configured with and without simultaneous PUSCH/PUCCH transmission. Further, cases where the PUSCH grant is present/not present for the UE are also considered.
The following aspects can be noted from the Tables.

1. For both option 1 and option 2, in a given subframe, a periodic CSI report can only be transmitted for one prioritised CC. 
This allows reuse of Rel-8 PUCCH format 2 on PUCCH. If eNB needs CSI reports of multiple CCs, it can request an aperiodic CSI report.


2. If a PUSCH grant is present, 

· For option 1
· If simultaneous PUSCH/PUCCH is not configured, periodic CSI+A/N is multiplexed in PUSCH (similar to Rel8). If simultaneous PUSCH/PUCCH is configured, A/N is sent on PUCCH and periodic CSI is sent on PUSCH

· For option 2
· Periodic CSI report is dropped (to reduce blind decoding at eNB).
· For both options, it is possible for the eNB to request an aperiodic CSI report in place of the periodic CSI report.

Table 1 - Collision handling for periodic CSI reporting when a UE is configured for CA (Option 1) 

	    UE Configuration
Collision 
Scenario
	Simultaneous PUSCH&PUCCH 
not configured
	Simultaneous PUSCH&PUCCH
 configured

	
	No PUSCH grant
	PUSCH grant present
	No PUSCH grant
	PUSCH grant present

	CSI (1CC) & 
A/N for PCC(1CC)
	A/N (1CC) on PUCCH using format 1a/1b. 

CSI(1CC) is dropped.

	A/N (1CC) and CSI (1CC) multiplexed within PUSCH.
	A/N (1CC) on PUCCH using format 1a/1b.  
CSI(1CC) is dropped.1
	A/N (1CC) on PUCCH using format 1a/1b. 
CSI (1CC) multiplexed within PUSCH.

	CSI (1CC) & 
A/N (multiple CCs/1SCC)
	A/N (multiple CCs) using either PUCCH format 1b with channel selection or PUCCH format 3. 
CSI (1CC) is dropped.
	A/N (multiple CCs) and CSI (1CC) multiplexed within PUSCH.
	A/N (multiple CCs) using either PUCCH format 1b with channel selection or PUCCH format 3. 
CSI (1CC) is dropped.
	A/N (multiple CCs) on PUCCH using format 1b with channel selection or PUCCH format 3. 
CSI (1CC) multiplexed within PUSCH.

	CSI & CSI (between multiple CCs)
	CSI (1CC) of prioritized CC transmitted using PUCCH format 2. 
CSI of other CCs is dropped.
	CSI (1CC) of prioritized CC multiplexed in PUSCH. 
CSI of other CCs is dropped.
	CSI (1CC) of prioritized CC transmitted using PUCCH format 2. 
CSI of other CCs is dropped.
	CSI (1CC) of prioritized CC transmitted using PUCCH format 2.
CSI of other CCs is dropped.

	CSI (multiple CCs) & A/N for PCC (1CC)
	A/N (1CC) using PUCCH format 1a/1b. 

CSI(multiple CCs)  is dropped

	A/N (1CC) and CSI (1CC) of prioritized CC multiplexed within PUSCH transmission. 
CSI of other CCs is dropped. 
	A/N (1CC) using PUCCH format 1a/1b.

CSI(multiple CCs)  is dropped.2
	A/N (1CC) on PUCCH using format 1a/1b. CSI (1CC) of prioritized CC multiplexed within PUSCH. 
CSI of other CCs is dropped.

	CSI (multiple CCs) & A/N (multiple CCs/1SCC)
	A/N (multiple CCs) using either PUCCH format 1b with channel selection or PUCCH format 3. 
CSI (multiple CCs) is dropped.
	A/N (multiple CCs) and CSI (1CC) of prioritized CC multiplexed within PUSCH transmission. 
CSI of other CCs is dropped.
	A/N (multiple CCs) using either PUCCH format 1b with channel selection or PUCCH format 3. 
CSI (multiple CCs) is dropped.
	A/N (multiple CCs) using PUCCH format 1b with channel selection or PUCCH format 3. CSI (1CC) of prioritized CC multiplexed within PUSCH. 
CSI of other CCs is dropped.


Table 2 - Collision handling for periodic CSI reporting when a UE is configured for CA (Option 2)

	    UE Configuration
Collision 
Scenario
	Simultaneous PUSCH&PUCCH 
not configured
	Simultaneous PUSCH&PUCCH
 configured

	
	No PUSCH grant
	PUSCH grant present
	No PUSCH grant
	PUSCH grant present

	CSI (1CC) & 
A/N for PCC(1CC)
	A/N (1CC) on PUCCH using format 1a/1b. 

CSI(1CC) is dropped.

	A/N (1CC) multiplexed in PUSCH. 

CSI(1CC) is dropped.3 
	A/N (1CC) on PUCCH using format 1a/1b.  
CSI(1CC) is dropped.3
	A/N (1CC) on PUCCH using format 1a/1b. 

CSI(1CC) is dropped.3 

	CSI (1CC) & 
A/N (multiple CCs/1SCC)
	A/N (multiple CCs) using either PUCCH format 1b with channel selection or PUCCH format 3. 
CSI (1CC) is dropped.
	A/N (multiple CCs) multiplexed in PUSCH. 
CSI (1CC) is dropped.
	A/N (multiple CCs) using either PUCCH format 1b with channel selection or PUCCH format 3. 
CSI (1CC) is dropped.
	A/N (multiple CCs) using either PUCCH format 1b with channel selection or PUCCH format 3. 
CSI (1CC) is dropped.

	CSI & CSI (between multiple CCs)
	CSI (1CC) of prioritized CC transmitted using PUCCH format 2. 
CSI of other CCs is dropped.
	CSI (1CC) of prioritized CC multiplexed in PUSCH. 
CSI of other CCs is dropped.
	CSI (1CC) of prioritized CC transmitted using PUCCH format 2. 
CSI of other CCs is dropped.
	CSI (1CC) of prioritized CC transmitted using PUCCH format 2. 
CSI of other CCs is dropped.

	CSI (multiple CCs) & A/N for PCC (1CC)
	A/N (1CC) using PUCCH format 1a/1b. 

CSI(multiple CCs)  is dropped

	A/N (1CC) multiplexed in PUSCH.

CSI(multiple CCs)  is dropped.4
	A/N (1CC) using PUCCH format 1a/1b.

CSI(multiple CCs)  is dropped.4
	A/N (1CC) using PUCCH format 1a/1b.

CSI(multiple CCs)  is dropped.4

	CSI (multiple CCs) & A/N (multiple CCs/1SCC)
	A/N (multiple CCs) using either PUCCH format 1b with channel selection or PUCCH format 3. 
CSI (multiple CCs) is dropped.
	A/N (multiple CCs) multiplexed in PUSCH. 
CSI (multiple CCs) is dropped.
	A/N (multiple CCs) using either PUCCH format 1b with channel selection or PUCCH format 3. 
CSI (multiple CCs) is dropped.
	A/N (multiple CCs) using either PUCCH format 1b with channel selection or PUCCH format 3. 
CSI (multiple CCs) is dropped.


2.2 Priority between CSI reports of different CCs

In general, it should be possible for the scheduler to avoid collisions between CSI reports of multiple CCs. Assuming collisions normally do not occur, a simple priority order of CCs either based on cell index or configured via RRC can be used to determine the CC for which CSI is transmitted. 

Proposal: For the case of collision between CSI reports of different CCs, a priority order, either based on cell index or configured via RRC is used to determine the CC for which CSI is transmitted. 

If a scheduler design where collisions are frequent is assumed, preference should be given to the CSI report of the primary cell and then, the CSI report with the longest periodicity [2] (based on 
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depending on the reported CSI) can be prioritised. Similar to Rel8, the dropped report can be skipped by the UE. If two reports from different secondary CCs collide and have the same periodicity, then priority is determined based on the type of information contained in the reports. The priority order is as follows: report containing RI > report containing wideband PMI only > report containing wideband CQI > report containing subband CQI. If priority is still not resolved, then the report for the CC with the smallest cell index is transmitted. 
3   Conclusion
We propose the following:
Proposal 1: Collision handling for periodic CSI reporting is based on either Table 1 or Table 2.
Proposal 2: For the case of collision between CSI reports of different CCs, a priority order, either based on cell index or configured via RRC is used to determine the CC for which CSI is transmitted. 
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� This assumes simultaneousAckNackAndCQI is FALSE. If simultaneousAckNackAndCQI=TRUE, both A/N (1CC) and CSI (1CC) can be reported using PUCCH 2a/2b.


� This assumes simultaneousAckNackAndCQI is FALSE. If simultaneousAckNackAndCQI=TRUE, both A/N (1CC) and CSI (1CC) of a prioritized CC can be reported using PUCCH format 2a/2b. CSI of other CCs is dropped.


� This assumes simultaneousAckNackAndCQI is FALSE. If simultaneousAckNackAndCQI=TRUE, both A/N (1CC) and CSI (1CC) can be reported using PUCCH 2a/2b.


� This assumes simultaneousAckNackAndCQI is FALSE. If simultaneousAckNackAndCQI=TRUE, both A/N (1CC) and CSI (1CC) of a prioritized CC can be reported using PUCCH format 2a/2b. CSI of other CCs is dropped.
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